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NEW APPROACH IN ADSORPTION REACTOR DESIGN FOR REFRIGERATION AND HEAT 
PUMP APPLICATIONS 
Dr Z. Tamainot-Telto, CEng, MIoR, MIMechE 
School of Engineering, University of Warwick, Coventry CV4 7AL, UK 
Abstract: In the prospect of manufacturing specific activated 
carbon adsorbent, a research work is carried out with the objective 
of screening a large number adsorbent models (more than 60,000) 
and identifying suitable ones with optimum characteristics for three 
applications: Ice marking (TC=35
oC, TE=-5
oC), Air conditioning 
(TC=35
oC, TE=15
oC) and Heat pump (TC=40
oC, TE=5
oC). For each 
application, the driving temperature will range from 90oC to 250oC. 
Overall, the preliminary simulation results show that for each 
adsorbent model with each application, the refrigerant uptake 
variation has an optimum. 
  
BACKGROUND  & INTRODUCTION 
METHODOLOGY 
- Activated Carbon on the market are not specifically for 
adsorption refrigeration and heat pump applications but for 
industrial processes (Water treatments, gas separation … ) 
- New method of specifications of activated carbon for REF & HP 
Methodology based on modified  Dubinin-Astakhov (D-A) equation: 
 
 
 
x :  Refrigerant concentration (kg/kg) 
 T :  Adsorbent temperature (K) 
 xo :  Refrigerant concentration under saturation conditions (kg/kg)  
Tsat :  Saturation temperature corresponding to the gas pressure (K)  
k :  Energetic affinity characteristic of adsorbent-refrigerant pair  
 n :  Characteristic of adsorbent micro-pores size distributions 
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Definition of absorbent models 
xo = [0:Δx:1]      K = [0:ΔK:50]     n =  [0:Δn:6]    
           Δx=0.1               ΔK=1            Δn=0.05 
Selection of an application 
(Ice making, AIRCON or HP) 
Definition of driving temperature 
Selection of a Refrigerant 
(Example: Ammonia, Methanol, Ethanol, …) 
Performance chart  
Selection of  activated carbon model (xo, K, n)  
HEAT PUMP REFRIGERATION 
Selection  of optimization parameter 
(Example:  ΔX12, COP,  SC or SH) 8 kW gas fired Adsorption HP 10 kW  Hybrid Adsorption Chiller 
Prototypes developed at 
University of Warwick 
No 2795 
CONCLUSIONS – The preliminary simulation results show that for 
each adsorbent model with each application, the refrigerant uptake 
variation has an optimum. As illustration, the specific cooling 
capacity chart  for Air conditioning is shown and could be used for 
K and n selection. 
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SIMULATION RESULTS 
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A – Uptake swing  (Driving temperature: 200oC) 
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Air Conditioning application
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Air Conditioning application
Xo = 0.40 kg/kg
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FUTURE WORK  
1) AIRCON model simulation with selected xo, n and K. 
2) Definition of manufacturing specifications from the a selected 
values (xo,n,K): specific volume and micro-pore size distributions. 
3) AC Sample manufacturing and AC model validation. 
4) Adsorption AIRCON experimental test. 
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Ammonia refigerant (R717)
Xo = 0.40 kg/kg
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For 450 kJ/kg AC cooling requirement with heat source temperature 
of  200oC: the carbon model is with  xo=0.40 kg/kg, K=6 and n=2.20 
B – Optimum uptake swing  
C – AIRCON Performance chart (AC-Ammonia generator)  
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